The network activation literature has given us the insight that how networks are enacted matters --important resources and information may not be accessed by individuals when they do not realize (or misjudge) whom to ask for help. This highlights the importance of relational acumen, the ability to accurately judge one's relationships. I propose that those who have higher and more efficient (less redundant) access to social information have greater relational acumen, since social information facilitates interpretation of the meaning and strength of one's relations. Typically, access to social information is measured via network centrality and constraint. However, network contacts, which are stable relationships, are imprecise for measuring access to day-to-day social information flows. I therefore develop a method for measuring access to social information using face-to-face interaction data. Results from an administrative department within a manufacturing company highlight that a) in general, people do not have very high relational acumen, b) network constraint (as measured by surveys) contributes to explaining relational acumen, c) however, face-to-face interactions are a considerably greater determinant of relational acumen. How efficiently one's interactions provide access to information is key -relational acumen is enhanced most when a person interacts with people who can convey novel information from prior interactions.
INTRODUCTION
Networks have long been known to provide an important source of information and resources (Burt 1992; Granovetter 1974 ; Podolny and Baron 1997) . Recently, studies have explored how people actually use their networks, highlighting that not all relationships convey information and resources. Network ties must be activated to provide the benefits that a person seeks, and many ties are not activated. For instance, job seekers must think of whom to contact to ask for information about job openings and referrals. However, job seekers only think of a subset of their contacts to reach out to for information (Smith et al. 2012) . In general, when people need help, they turn to a limited set of close contacts for it (Fischer 1982; Hurlbert et al. 2000) . Once a person thinks of ties which could be helpful, those ties must be mobilized, meaning they must be contacted and asked for help. Sometimes, mobilization attempts fail, such as when contacts decide that they do not have enough trust in the person to take the risk of helping (Smith 2005) .
It is not surprising that not all of a person's contacts are useful when that person needs help. After all, activating contacts takes time and effort. Scheduling time to talk to all of one's contacts can be difficult, especially weak contacts that one infrequently sees. As a result, it makes sense that not all of one's contacts will be active at any one time. In addition, the expectation that not all of one's contacts will be helpful would lead a person to be selective in activating ties. For instance, a very weak tie is less likely to provide intense emotional support, and a very strong tie is less likely to provide new information about job leads that one hasn't heard before (Granovetter 1973) . Intuitively, a person who seeks help will consider his or her relations and make a judgment about who to contact based on an expectation of who is likely to be helpful.
However, these expectations about who will be helpful may or may not be correct. When a person decides not to contact someone who would have helped, this is a missed opportunity. Conversely, when a person attempts to get help from a contact who is reluctant or can't help, this is wasted effort. The possibilities for missed opportunities and wasted effort point to the importance of a person's judgment when evaluating his or her ties. Reaping the full benefits of one's network requires exercising good judgment in choosing whom to ask for help. To a certain degree, this judgment involves estimating who is likely to have access to the resources one needs -such as job information, cash resources, or other knowledge, as the case may be. However, perhaps more importantly, judging whom to ask for help involves judging the quality of the relationship one has with each person. People with whom one is very close are willing to provide different kinds and levels of help than people with whom one is not close to (Wellman and Wortley 1990) .
Therefore, knowing which of one's contacts are weak versus strong ties is important in efficiently making use of one's network. This paper defines relational acumen as the ability to accurately perceive the strength of one's relations, which is an important skill needed for obtaining network benefits. The paper attempts to make two related contributions: First, drawing on the literature on network perception, it argues that relational acumen is developed as a result of enhanced access to social information in a given social context. Second, it proposes a method for measuring that enhanced access to information, when data on participants' actual interactions are available. By using the realized pattern of face-to-face interactions, we can account for the dynamic contextual and temporal factors that alter how information flows in enacted networks. To test these arguments, I use a comprehensive and longitudinal dataset on patterns of interaction and networks in an administrative department of a manufacturing corporation. A radio frequency identification (RFID) tracking system was installed at the worksite, permitting precise measurement of real-time interactions over an eight week period. Results show that having efficient interactions --those which provide the most social information with the least amount of time interacting --do indeed increase relational acumen. Further, this measure of access to information, derived from interaction data, is a more significant driver of relational acumen than traditional network measures. These findings highlight the importance of examining the day-today activation of networks. How people benefit from their networks varies depending on how they (and those Relational acumen has a lay meaning of being perceptive or knowledgeable about one's relationships with others. In colloquial terms, a person with high relational acumen is someone who is skillful in assessing the quality of his or her relations -seeing those relationships as they really are, rather than with an overly rosy positive bias, as in the quote above. In other words, relational acumen comes from one's ability to "read" relational partners and understand, from their perspectives, how strong one's relationships with them are.
Thus, I define relational acumen as the ability to accurately perceive the strength of one's relations.
Relationship strength is a key aspect of the quality of a relationship because it guides how the relationship is conducted (what behaviors are expected within the relationship) and as a result, what instrumental and expressive benefits are available from that relationship. Strong relationships are those with higher levels of closeness and emotional intensity (Marsden and Campbell 1984) ; these relationships have higher levels of trust, and are more likely to involve frequent interaction. As a result, strong relationships convey social support (Wellman and Wortley 1990) . By contrast, weak relationships are those that involve less closeness and often involve people who see each other infrequently. Because parties in weak relationships communicate less often, they are likely to be part of different social circles, and therefore are able to convey novel information (Burt 1992) .
Both weak and strong relationships can provide important benefits. However, misjudging the strength of one's relationships can result in wasted effort and missed opportunities. Turning to a weak relationship for emotional support, for example, is more likely to result in disappointment and wasted effort, since weak ties do not have the same disclosure of personal information and creation of trust that strong ties have. Similarly, asking a weak contact for a personal loan or favor that involves putting his or her reputation at risk is not likely to be met with success; this is because weak ties lack the shared ties that provide the ability to monitor each other's good behavior (Coleman 1988; Smith 2005) . Also, wasted effort can occur when seeking novel information from strong relationships, since it's likely that one would already have access to the information the strong contact has (Granovetter 1974) . Moreover, believing that a tie is weak, when in fact the other person believes it is strong, can lead to missed opportunities for receiving social support.
Since relational acumen is defined as an individual-level measure of accuracy in perceiving relationships, it is important to be specific about how accuracy is determined. What is the standard against which a person's perceptions of relationship strength are to be compared? Typically, in social network research, determining whether or not a relationship exists involves confirming whether both parties to a dyad agree that it does. This is because there often is not an "objective" source of information about relationships.
Relationships are subjective experiences; each person in the dyad is entitled to his or her own opinion, and neither one is more authoritative than the other.
Mutual agreement, then, is the best way of determining whether a person's perceptions are accurate. This is doubly true when determining the accuracy of perceptions of relationship strength -the closeness or emotional intensity of the relation is a subjective experience that can only be assessed by the parties involved.
There are two ways to have accurate perceptions about one's relationships, however: by accurately perceiving that a relationship is strong (both agree that the relationship is strong), and by accurately perceiving that a relationship is weak (both agree that the relationship is weak). A person misjudges relations, and therefore has lower relational acumen, when he or she believes that relations are strong while alters believe that the relations are weak, or when he or she believes that relations are weak while alters believe that the relations are strong. Because relational acumen is at the individual level, rather than the dyadic level, it captures the ability of a person to understand which relations are closer relations. Or, put differently, it captures the skill of a person in differentiating which of his or her contacts are willing to be emotionally close or not.
Relational acumen is different from other forms of perception accuracy studied in the social network literature which focus on biases in the recall of ties and contact frequency (e.g. Freeman et al. 1987) . For example, studies have shown that people are more accurate in recalling with whom they had contact when the contact involved more close relations and people with whom they had more recent contact (Marsden 1990 ).
However, these studies focus on measuring accuracy of perceptions against an objective measure, such as contact frequency. By contrast, relational acumen is a form of metaperception -it is the accuracy of one's perceptions about alters' perceptions. As such, it involves making meaning of a variety of social signals conveyed by alters. This includes interpreting alters ' actions, communications, emotions, and attitudes, all with the goal of understanding how alters view their relationships with oneself. A person with high relational acumen is able to interpret these social signals to better understand when people feel close to him or her or not.
RELATIONAL ACUMEN, NETWORK PERCEPTION ACCURACY, AND SOCIAL INFORMATION FLOW
Relational acumen is a form of what has been called "network perception accuracy." The network perception accuracy literature has explored people's ability to correctly identify which friendship or advice ties exist in their social environment. Network perception accuracy has been shown to lead to power within organizations (Krackhardt 1990) , since the more accurate one's perceptions of the social network as a whole, the better one can identify structural holes, influential actors, and boundaries between political factions. Since this kind of accuracy refers to perceiving the existence of ties, it is not the same as relational acumen -which focuses on perceiving the strength of ties. However, network perception accuracy and relational acumen are related constructs, and it is reasonable to expect that similar mechanisms operate in both.
Like relational acumen, network perception accuracy depends on interpreting complex social cues.
Having an accurate understanding of which friendship and advice ties exist in a social network requires both words, what one knows about others' relationships is affected by the social information that one receives from one's contacts (Krackhardt and Kilduff 1990) .
Social information, which is information about the attitudes, behaviors, and relationships of others, is conveyed from person to person. An extreme form of this is gossip, which is the purposeful transmission of information about others' behaviors and relations. Social information also includes "water cooler" talk, or causal conversations where stories about events and people are conveyed, providing participants with information about the social environment of the group -who is working with whom, who is friends, etc.
Social information is also conveyed between individuals in order to accomplish work. For instance, imagine that a colleague advises one to submit a proposal first to Edward, because if Edward agrees with the proposal then his partner Jacob will quickly follow suit. The social information included in this advice indicates that Jacob and Edward likely have a positive working relationship and that Jacob trusts Edward's judgment.
Yet, social information, like its extreme form gossip (Burt 2000) , is often imprecise. What if Jacob and Edward are instead rivals, calling into question the colleague's belief that Jacob will agree with Edward's actions? Simply having access to some social information then does not produce accuracy in perceptions of relationships. Instead, what is needed is access to higher levels of social information, from a variety of sources, so that one can compare pieces of social information, testing one against another to produce a more accurate mental model of the network.
Confirming this line of argument, studies of network perception accuracy have shown that people with greater access to social information are indeed more accurate in their perceptions of others' relationships (Bondonio 1998; Casciaro 1998; Casciaro et al. 1999) . However, relational acumen concerns one's perceptions of one's own relationships, rather than relationships between other people. Is social information similarly needed for interpreting ego relations? I argue that when interpreting the quality or strength of one's own relations, social information continues to be important.
First, while a person can directly observe the behaviors of others towards himself or herself, these behaviors require social information to interpret in context. For example, if a person receives a birthday gift or other token of affection from a colleague, the person may think the colleague is treating the relation as a strong one. However, this interpretation can change if one hears that the colleague gives birthday gifts to everyone in the office as a habit. The social information one receives about others helps one gauge the meaning of the behaviors one directly observes.
Second, it can often be difficult to interpret another person's intentions, even when their actions are understood in context. Impression management attempts (Leary and Kowalski 1990) can make an alter seem to want a stronger and more trusting relationship than he or she truly feels. A supervisee may want a supervisor to believe that their relationship is a close one for instrumental purposes, even if the supervisee does not feel especially emotionally close to the supervisor. In situations such as this, higher access to social information from third parties can be helpful for providing confirming or competing evidence. The supervisor might hear through third parties whether the supervisee continues to act like the supervisor's friend when he or she is not around, for instance.
In summary, higher access to social information should increase a person's relational acumen. The more social information one receives, the better one can interpret the behaviors and intentions of others, allowing one to more accurately interpret the strength of one's relations.
Proposition 1: Higher access to social information increases relational acumen.
However, there is a cost to receiving higher levels of social information. This cost is the substantial amount of time it takes to have conversations which communicate social information and in general the effort it requires to maintain the relationships which provide social information. Moreover, just receiving a greater amount of social information does not always result in more accurate information. Inaccurate information can be amplified within social circles when the same information is told and re-told between people (Burt 2000) . Therefore, what is most beneficial is efficient access to information. When one reduces the redundancy of information (receiving the same information more than once), one reduces the time it takes to acquire the social information as well as improves its value (Burt 1992) . As a result, I propose that one's efficiency of access to information improves one's ability to better interpret the strength of one's relations.
Proposition 2: Higher efficiency of access to social information (decreasing redundancy of information) increases relational acumen.
Thus far, this paper has argued that social information matters for people's interpretations of the strength of their relations. The idea of information flowing through a social context, from person to person, is not a new one. Social network analysis is built on the premise that information does get transmitted from one person to another, and that a person's position in the network determines his or her access to information. In the next section, I therefore briefly develop specific hypotheses, using a network approach to implement Propositions 1 and 2. However, I then review recent literature which has called into question the ability of social network analysis to precisely measure information flow, given the complexities of timing, scheduling, and spatial constraints on interaction. Social network analysis may not reflect information flow as it happens in real life. I then develop a different approach to understanding information flow, based on analysis of interactions. This new approach maintains the spirit of network analysis -that information is conveyed from one person to another -but assesses patterns of interaction as they happen in a particular context. Using this approach, I next develop specific hypotheses implementing Propositions 1 and 2. I then empirically test these hypotheses with network and interaction data collected at the study site.
ACCESS TO SOCIAL INFORMATION: THE SOCIAL NETWORK APPROACH AND ITS

LIMITATIONS
The social network approach asserts that networks are stable structures over time that convey information and resources (Burt 2005; Granovetter 1974 ). Specific relationships between people are pipes, or conduits, that funnel information from one person to another. When all relationships are considered together, they generate a network: like a map of a transportation system, a network shows how information can move from one location to another.
In this approach, how central a person is in the network determines how much information that person can receive from others. A person who is central acts as a transportation "hub" for information, able to intercept and convey more information than others. While there are multiple ways of measuring centrality (Wasserman and Faust 1994) , the simplest and perhaps most popular measure is degree centrality. Degree centrality is the number of contacts a person has. Conceptually, using this form of centrality is appropriate when it is believed that the amount of information one receives is proportional to the number of one's sources of information. Existing studies of network perception accuracy use degree centrality to measure access to social information, and consistently find that the greater the number of contacts a person has, the more accurate is his or her perception of ties between others (Casciaro 1998; Bondonio 1998) . According to the arguments in the prior section leading to Proposition 1, access to social information not only increases accuracy in perceiving others' ties, but should also increase accuracy in perceiving the strength of one's own relations. Therefore, the more contacts a person has, the higher his or her relational acumen should be.
H1: Network degree centrality (higher access to social information through contacts) increases relational acumen
On the other hand, the assumption that the amount of social information one receives is proportional to the number of relationships can be questioned. If one's contacts are redundant -they have relationships with the same third parties -their value for providing new information is lower. In network terms, redundancy is measured via constraint (Burt 2004) . People who have more constrained networks have more redundant contacts, which reduces their access to useful social information, and lowers relational acumen.
H2: Network constraint (increased redundancy of information) decreases relational acumen
The previous hypotheses are built on the foundation of decades of network research showing that centrality and constraint are important determinants of outcomes for individuals and organizations.
However, recent work has begun to call into question whether long-term structures of relations can provide an accurate measure of information flows in day-to-day life. These challenges focus on the role of communication frequency, scheduling constraints, and sequencing constraints on information flow.
First, communication between people varies highly. Communication varies not just across relationships, but also within relationships over time. Using email data, Aral and Van Alstyne (2011) found that weak ties provide potential access to novel information, but the actual novel information received depends on a) how frequently people communicate to transfer that information and b) aspects of the environment such as how quickly information is generated. In some environments, it is relations with high communication frequency ("strong ties") which actually provide the most novel information. Aral and Van Alstyne's findings highlight that the choices people make about when and how often to communicate -how they enact their relations in real-time -can alter how information flows from person to person. Second, the physical reality of not being able to be in touch with all of one's contacts at once can change information flows. Gibson (2005) used a simulation model to illustrate that scheduling constraints (such as being able to meet with only one alter at a time) significantly affect diffusion. While actors with many relations act as "hubs" or "super-spreaders" of information in network analysis, schedule constraints can actually make such actors bottlenecks, preventing information flow until they can manage to meet with enough of their alters. The implication is that when central actors become bottlenecks of information, measures of centrality and constraint become inaccurate as measures of access to information.
Finally, the sequencing or temporal ordering of communication flows through a network matters. Kretzschmar (1995, 1997) and Moody (2002) have demonstrated that diffusion is affected by assumptions about whether relationships are concurrent or sequential. To take an example, suppose Annie interacts with Barry, but does not interact with Barry again. After that interaction, Barry interacts with Charlie. As a result of the time ordering of these interactions, Annie  Charlie is a possible path for information flow, meaning Charlie can learn information originating from Annie, as a result of interacting with Barry. However, the reverse is not true. Because Annie stopped interacting with Barry, Annie cannot learn any information originating from Charlie. Thus, only knowing that Annie has a relationship with Barry and Barry has a relationship with Charlie is not enough to understand the direction of information flow, if interactions are not concurrent.
ACCESS TO SOCIAL INFORMATION: AN INTERACTION APPROACH
Given the preceding concerns about social network analysis, what is needed is a way to more directly assess information flow in networks that takes into account variance in communication frequency and the realities of physical and temporal constraints on information flow. The crucial element that matters for access to information is interaction. Whether interaction happens in person or via electronic media, this interaction is necessary for people to exchange information. How people enact their networks, activating some relationships but not others (Smith et al. 2012) , or by being bottlenecks or information hubs (Gibson 2005) , can be taken into account by analyzing the actual interactions that they have in context. This requires more granular and precise information on people's interactions. Archival email data, cell phone data, and electronic movement tracking systems provide such information, and they are increasingly used to assess the existence of relations and extent of communication between individuals (e.g. Waber et al. 2011; Wu et al. 2008) . However, I argue that taking full advantage of this specific time-ordered data requires a shift in the conceptual focus of analysis.
Rather than conceptualizing relationships as stable conduits of information, I argue that the focus of analysis should be on conceptualizing the movement of specific flows from person to person as a result of chains of interactions. An analogy helps to clarify this shift. In an earlier section, networks were likened to transportation maps, with network analysis showing how information can travel through the transportation system along relationships. However, the preceding section argued that information may not actually travel along many of the paths, at least not uniformly. Therefore, an interaction analysis switches focus from looking at the structure of the system to instead measuring exactly how the system is used on a day-to-day basis, by following information as it reaches each station sequentially. A person's access to information then is not the number of relations that person has, but instead the amount of information the person is believed to have received based on the pattern of interactions.
I present the mechanics of the new interaction analysis method in the Appendix (please see the appendix for more details). The method is designed for instances where the researcher has specific data on who interacted with whom, and at what time, without knowing what was discussed. While it is ideal for the data to include the content of interactions, such as topics of conversation, this is often not possible. Therefore, the method makes a simple but strong assumption about interactions: That when a person interacts with another, he or she can communicate all information received from prior interactions. As a result, by tracking the sequence of interactions, each person's receipt of (and transmission of) information can be recorded. However, since information can be told and re-told between contacts who interact repeatedly, the method only counts instances of new information transmitted -what are called "updates" of information.
Of course, the assumption that all information is transmitted in interaction is unrealistic. It is not meant to reflect the actual transmission of information, but instead measure the maximum capacity of information flow. In other words, it measures the potential exposure of a person to information from others, given the specific pattern of interactions that have occurred. The higher the updating frequency a person is calculated to have, the more that person has exposure to a higher level of information flow.
Interaction analysis is similar to social network analysis in assuming that information is transferred between individuals. However, the advance that interaction analysis provides is that it does not assume that the same level of interaction occurs in different relationships, or that that the same level of interaction occurs within a single relationship over time. Moreover, interaction analysis incorporates the sequencing of interactions in the calculation of updating frequency. As a result, interaction analysis should provide a more precise estimate of a person's access to information flow. It takes into account the fact that people vary in how they enact their networks, activating some ties, but not others, at various moments in time.
Recall Proposition 1, which asserts that those who have higher access to social information should have higher relational acumen. Implementing this proposition with an interaction analysis, the hypothesis becomes that those who have higher levels of updating frequency (more exposure to others' information) are better able to interpret the strength of their relations.
H3: Higher updating frequency (higher access to social information through interactions) increases relational acumen
As argued earlier, simply having more information is not necessarily best. More efficient access to information, on the other hand, is valuable. The calculation of updating frequency already reduces the redundancy of information (and must do so given the assumptions of the model). However, it does not take into account the time spent interacting. Time spent interacting is an important cost to gathering social information, particularly in an organizational setting, where employees are often under pressure to accomplish work quickly. Spending less time interacting, while maintaining a high level of exposure to others' information, places pressure on a person to communicate more selectively. For example, having reduced time for water cooler talk means that more of the relevant social information is the focus of conversation (Edward and Jacob had an argument, and so they are less likely to jointly support a proposal), instead of information that may be fun but unnecessary (perhaps gossip about Edward's long work hours). Proposition 2 then implies that the more efficient a person's interactions are, producing higher updating frequency with less time spent interacting, the more accurate the person will be in interpreting the strength of his or her relations.
H4: Higher interaction efficiency increases relational acumen
METHODS
Site
This study takes advantage of multi-method longitudinal data collected from an administrative department of ManuCorp, a large manufacturing company in the U.S. Midwest. The department employs 38 full-time employees onsite. Individuals who were formally part of the department but worked offsite were not included in the study. The majority of employees are engineers or scientists by training, ranging from chemical engineers and chemists, to mechanical engineers, to biologists and geologists. About 60% have advanced university degrees. Also, about 60% are male, and only two (5%) are racial minorities. This department is made up of several internal groups, and including the director of the department (who is the highest level), it has three levels of managers. As is typical of much white collar work, all employees must work extensively with many of their colleagues within as well as outside of the department to accomplish their jobs. While the group included several newcomers (an intern and a couple newer hires), most employees had spent over a decade working for the company, with average tenure in the organization of 17 years; some as much as 30 years.
Data
Data collected include social networks, interaction data, and personality data, collected in three phases. Twenty-seven individuals completed all three phases. This type of data collection necessarily involves a tradeoff: in order to collect such rich data, particularly the interaction data, having a relatively small study site is necessary. This allowed us to install equipment necessary for the location tracking data collection, which would have been considerably more costly with a larger department or over multiple departments.
Time 1
At Time 1, an online survey was administered to collect social networks and demographic data. In the survey, respondents were presented with a full list of all employees in the department, and asked to identify individuals whom they did not know. The survey system then limited further questions to ask only about individuals they did know. Respondents were asked to rate the strength of their relationships with each other person "How strong a work relationship do you have with this person?" on a scale of 1 to 5. 1 = I prefer to avoid this person, 2 = Weak, 3 = Somewhat weak, 4 = Somewhat Strong, 5 = Strong. Thirty-four employees responded to the survey. In addition, the department provided an organization chart, identifying managers.
Time 2
At Time 2, one year after Time 1, a motion tracking system was installed in the department. Thirtyseven people in the department participated in the motion tracking study, by wearing lanyards containing an RFID tracking device. Sensors installed throughout the ceiling of the department detected their movement for a period of eight weeks, recording each person's location in x, y, z space to the millisecond level. In total, over thirty-five million rows of data were collected indicating participants' movements. The recording area covered a single floor (see Figure 1 , showing the floor plan of the office), which comprised all of the department's offices. On this floor, there is one actively used kitchen, one set of restrooms, and one elevator bank (for entry/exit), which increases the interaction between people from different parts of the floor. Using this data, interactions between people are assumed to occur when those people are within five feet of each other for more than thirty seconds. Over the course of the period studied, approximately 23,000 dyadic interactions occurred. With the exception of one dyad, everyone interacted with each other at least once during the period.
======== Figure 1 Here ========
Time 3
In the third phase, starting seven months after Time 2, I conducted interviews with employees in the department, over a period of two months. Thirty-four employees participated. In the interview, I presented participants with a sheet listing all of the department's employees and their prior answer (at Time 1) to the question "How strong a work relationship do you have with this person?" (If they had indicated that they did not know the person at Time 1, that person was listed with 0.) Interviewees were then asked to update their answers to how they felt currently about each person, writing corrections directly on the sheet.
Since prior studies of network perception accuracy have found that personality influences accuracy (Casciaro 1998; Casciaro, Carley, and Krackhardt 1999) , personality data was also collected. At the end of the interview, interviewees were given a brief paper-based survey assessment of the Big Five personality traits, called the Ten Item Personality Inventory (TIPI) (Gosling et al. 2003) . All but one interviewee returned a completed personality assessment after the interview. Ideally, a longer and more detailed survey instrument is used to measure personality. However in this setting, participants would have been resistant to completing a longer survey, resulting in a much lower response rate. In situations like this, the TIPI provides a compromise that yields reasonable measures of extraversion, openness, emotional stability, agreeableness and conscientiousness, while minimizing the time required to administer it (Gosling, Rentfrow et al. 2003) . (non-ego ties) varied to a lesser extent -a standard deviation of 0.12 for both advice and friendship ties. As a result, the available evidence indicates that accuracy in reporting one's own relationships varies even more than accuracy in reporting others' relationships. We should expect that relational acumen will also vary meaningfully from person to person.
Independent Variables
Network position at Time 1: The contact network was constructed using the survey data at the beginning of the study. A relationship is considered to exist based on mutual consensus -it exists if both individuals in the dyad reported knowing each other (regardless of whether the relationship was weak or strong). Degree centrality is the number of relationships a person had in the contact network. Constraint was calculated with the igraph package for R, implementing Burt's (2004) measure of constraint.
Interaction Analysis Measures at Time 2:
Updating Frequency was calculated using the method outlined in the Appendix. Creating a measure of interaction efficiency (increases in updating frequency relative to the time spent interacting) is not straightforward; this is because time spent interacting is itself an important driver of updating frequency. In general, in order to receive more updates, a greater number of interactions have to occur, increasing total interaction time. However, the idea captured by interaction efficiency is that increasing levels of updating frequency, while holding constant interaction time, is more beneficial. Therefore, to directly measure this efficiency, I orthogonalized the updating frequency variable from a measure of the total number of hours a person interacted with others over the course of the observation period. Orthogonalization is a procedure which removes shared variance by regressing one variable on another; the new variable (interaction efficiency) is the residual of updating frequency after subtracting the expected level of updating frequency, given the total interaction hours. It is the degree to which a person receives more exposure to others' information (updating frequency) than expected, given his or her amount of interaction with others. In other words, comparing two individuals with the same amount of interaction time, the person with higher updating frequency has had interactions which have generated higher exposure to others' information. That person has higher interaction efficiency.
Examples: Martin & Tom
Thus far, however, the idea of interaction efficiency remains abstract. Before proceeding with the analysis and results, it is helpful to make the difference between high and low interaction efficiency more concrete with examples from two individuals in the data. This will provide a more intuitive understanding of interaction efficiency. These examples also help demonstrate that the interaction efficiency measure is capturing a meaningful difference in participants' interaction patterns.
Both Martin and Tom are good-natured and "easy to get along with" colleagues. 2 Both consider themselves extraverts (on a 1 to 7 scale of extraversion, Tom rated himself a 6 and Martin rated himself a 6.5), and the amount of time they spend interacting with others on a daily basis is comparable. Yet, they differ dramatically in their interaction efficiency: Tom has the lowest interaction efficiency score of the group, and Martin has one of the highest.
On a typical day, Martin and Tom spend over 2 hours in interactions with others. To see how these two men interact differently, I discuss a comparable day for each of them. On September 30 th , Tom interacted with others for 158 minutes. During the course of that day, he interacted with 13 individuals, via a total of 50 distinct interactions. On October 1 st , Martin's experiences were comparable. He spent 159 minutes engaging others in interaction. While he had fewer distinct interactions (24) than Tom, he also only interacted with 13 individuals over the course of the day.
These two days, 10/1 for Martin and 9/30 for Tom, are comparable because they had the same amount of interaction time and the same number of interaction partners. However, the patterns of interaction were quite different from each other. Table 1 Table 1 Here ======== By contrast, Tom's interactions do not provide quite as much new exposure. Table 2 provides all of Tom's interactions. Some of Tom's interactions do provide high levels of exposure. For instance, when Tom arrives in the morning and interacts with Jane, she provides exposure to 21 other individuals. However, Tom's next interaction is with Edward, who can only provide Tom exposure to four additional people, aside from himself. Why? Because Edward and Jane had recently interacted with some of the same people. So Edward's exposure to others in the department was mostly redundant with Jane's. Throughout Tom's busy day, several people interact quite often with him, including Jane, Hector, and Erin. Yet their interactions bring Tom fewer updates, because they are not interacting with very many other people in between meetings with Tom. In fact, when they are not meeting with Tom, Jane, Hector and Erin are often meeting with each other and a small set of nearby co-workers. ======== Table 2 Here ======== As a result, while Tom and Martin interact the same amount -and they interact with the same number of people -the exposure they obtain as a result of their interactions is very different. Martin achieves exposure to a wide variety of people throughout the day, because his interaction partners are not very redundant. By contrast, Tom spends much of his time engaging in interaction with a set of people who form an inner circle, repeatedly interacting with each other. Thus, Tom has low interaction efficiency -given the amount of time he spends interacting, he receives fairly low updates (exposure to others) through his interactions. Martin has high interaction efficiency, since given the amount of time he spends interacting, he acquires a high amount of updates.
Controls
Controls include gender, management position, and tenure. In addition, Casciaro, Carley and Krackhardt (1982) found that people with higher positive affect were less accurate in reporting their advice ties, demonstrating that personality plays a role in network perception accuracy. In this study, I wish to control for the influence of personality, and so include extraversion, which has been strongly linked to positive trait affect (Rusting and Larsen 1997) . Table 3 . With a correlation of -0.42 for constraint and 0.39 for degree, this indicates that higher centrality and lower constraint is related to higher subsequent relational acumen, as expected. Measures based upon interaction patterns -average updating frequency and interaction efficiency -are also positively correlated with the dependent variable as expected, but less strongly.
Readers may wonder if relational acumen (a Time 3 measure) is driven by the number of strong ties a person has at Time 3. A strong tie exists at Time 3 when two people agree that the relationship they have with each other is strong. By definition then, when a person has strong ties, his or her accuracy about those particular relations is high. However, even when a person has many strong ties, this does not mean that the person's overall relational acumen is high. He or she may (or may not) have been accurate about the other relations, which means that relational acumen can still vary considerably even when a person has a many confirmed strong ties. See Figure 3 ; the correlation between relational acumen and strong ties is -0.13. A similar pattern results when comparing relational acumen to network degree at Time 3; the correlation between Time 3 relational acumen and Time 3 network degree is 0.06. These results reduce the concern that the correlation between Time 1 degree and Time 3 relational acumen is caused by the mathematical properties of the measures. ======== Table 3 Here ======== Table 4 reports the results of OLS regression models predicting relational acumen. Two controls, gender and extraversion, were tested in multiple models, but were consistently not significant and did not affect results for other variables. They are removed from the analysis reported here. While managerial position is also not significant in models, its absence affects the results of other variables, and so it is kept in the analysis. Surprisingly, tenure is significantly related to decreased relational acumen in some models.
Generally, one might expect enhanced relational acumen as tenure increases, due to increased experience in that social environment. However, at this study site, the reverse is true. Perhaps given the high levels of tenure -up to 30 years -this result indicates that those who accumulate extensive experience in the organization can become less attentive to social cues that indicate relationship strength.
======== Table 4 Here ======== After controlling for managerial position and tenure, degree centrality is not significantly related to relational acumen (Model 2). Hypothesis 1 is not supported. By contrast, network constraint in Model 3 is significantly negatively related to relational acumen, providing support for Hypothesis 2; the more redundant a person's contacts are, the less accurately he or she is able to interpret the strength of his or her relations. Surprisingly, Model 4 reveals that updating frequency is not significantly related to relational acumen. This means Hypothesis 3 is not supported. However Model 5 shows a very significant positive effect of interaction efficiency on relational acumen, providing support for Hypothesis 4. The more efficient one's interactions, in the sense of providing higher levels of exposure to others with less interaction time, the higher one's relational acumen. Of note is the substantial increase in the R-squared value with the addition of interaction efficiency. Model 3, which included the network constraint variable, had an R-squared of 0.312, while Model 5, which includes interaction efficiency, has an R-squared value of 0.458, indicating that interaction efficiency provides more explanatory power in predicting relational acumen. Since Hypothesis 4 is supported, readers may wonder if the total time a person engaged in interactions (total interaction hours) has an effect on relational acumen. In fact, total interaction hours does not predict relational acumen, either when analyzed alone, with other controls, or in combination with the independent variables (models not reported here).
In the final model, Model 6, both constraint and interaction efficiency are tested together. Each is independently significant, providing further support for both Hypotheses 2 and 4. Notably, the R-squared in this joint model is 0.595, indicating that a meaningful amount of variance in relational acumen is accounted for by this model.
While Table 4 's results indicate that both network constraint and interaction efficiency are each independently predictive of relational acumen, they are not equally meaningful in doing so. This means that a person's ability to efficiently access social information is key to determining his or her relational acumen. However, the absolute level of access to social information (Proposition 1, Hypotheses 1 and 3) is not helpful for accurately interpreting the strength of one's relations. Further, results show that while social network position (network constraint) and interaction (interaction efficiency) both contribute toward predicting relational acumen, it is interaction efficiency which is the most meaningful predictor.
In addition to showing that efficient access to social information is important for relational acumen, this study provides several new insights. First, relational acumen was argued in the introduction to be an important factor in a person's ability to effectively utilize his or her network. While it remains for future work to test the relationship between relational acumen and other important outcomes, the results here indicate that people do vary substantially in how accurately they perceive the strength of their relationships.
With an average relational acumen of 0.271, which is the correlation between the self's perceptions of relationship strength and others' perceptions of relationship strength, this means that misperceptions are common. The potential for frustration, wasted effort, and missed opportunities as people attempt to use their networks is high. The results at this site are especially interesting because the department has a very stable social environment. Employees have fairly high tenure -on average over 16 years of service at ManuCorp -and so many people have known each other for decades.
Second, the results indicate that how one interacts with others matters: The choices one makes about whom to see when, in what order, and how often, all affect one's access to useful social information. If a person wishes to increase his or her access to social information, then he or she can seek out interactions which are likely to bring higher exposure to others. This emphasizes the role of agency in networks.
Relations are enacted through interaction, and interaction patterns often deviate from what would be expected from the structure of the social network. As a result, trying to understand social information flow requires assessing how specific groups enact their relations in day-to-day interactions.
For some people, the idea of "interaction efficiency" may conjure an image of an "efficient" but antisocial worker who shuns relationship building and water cooler talk. He or she keeps interpersonal interactions to a minimum in order to spend the most time working. Therefore, it is important to note that interaction efficiency here does not mean interaction minimization: Participants with both high and low amounts of overall interaction time can have higher interaction efficiency scores; and overall interaction time had no effect on relational acumen. The examples of Martin and Tom illustrate that interaction efficiency has more to do with how wide or narrow one's exposure to others is through interactions, instead of how many interactions one has. So the idea is not that those with higher interaction efficiency have minimal interaction -but rather, they have reduced interaction time relative to the amount of exposure they acquired through those interactions. This enables their interactions to be more effective, encouraging the transmission of more valuable social information. In fact, water cooler talk can be quite efficient, when it brings together people from different parts of the department, who can provide novel information to each other in a brief period of time. When a water cooler gathering involves people who already see each other often during the day, however, this is much less efficient.
Interaction efficiency is similar to the idea of network brokerage, the lack of network constraint.
Network brokers are expected to receive higher levels of novel information because of their access to non-redundant alters, in the same way that interaction efficiency provides higher exposure to others. In other words, network brokers should have higher interaction efficiency. Yet, the correlation between constraint and interaction efficiency at this site is extremely low (-0.009). These results indicate that people who are brokers may or may not enact their networks to obtain the brokerage value that they potentially have access to. And people with higher constraint can use their networks in a way that actually increases the novel information they receive.
Finally, this paper developed a novel method of analyzing interaction data, based on the sequence of interactions that occurred over a course of eight weeks at ManuCorp. The interaction analysis developed emphasizes tracing flows (exposure to others) through interactions, rather than assessing the structure created by relationships. With this approach, researchers can analyze the flow of information in other contexts and using other forms of physical and virtual interaction data, such as email data and cell phone data. The method may also be modified to introduce more realistic assumptions about information transmission. For example, old interactions may be forgotten after a period of time (information decay rates) and not all recent information may be conveyed at each interaction (varying triggers for transmission).
CONCLUSION
In summary, this paper highlights that people's judgments about their relationships vary in their accuracy. When people misjudge their connections, this can result in frustration, wasted effort, and missed opportunities as they seek to obtain help from others. Relational acumen, the ability to accurately perceive the strength of one's relations, is thus a key ingredient for obtaining network benefits such as access to resources and support. Yet relational acumen is not simply an individual skill or personality trait. It is the product of a social process. As people within a social context communicate and share information with each other, they provide meaning and interpretation for each other's behaviors and relationships. Results at ManuCorp demonstrate that these social information flows are what enable people to more accurately interpret their social connections. Higher relational acumen is achieved by those whose day-to-day interactions efficiently increase their access to novel social information. 
FIGURES & TABLES
APPENDIX -CALCULATING UPDATING FREQUENCY
To illustrate the method, a small example will be used. In this example (Figure 5 Starting with Figure 6 , it is 9am when A and B interact. Since this is the beginning of the example, no one yet knows anything from anyone else, except that A and B get to learn whatever is new with each other. Thus, in the knowledge matrix, A receives information from B that is current -and therefore dated 9am, and B receives information from A that is dated 9am. In Figure 7 , two more events have occurred: B and C interacted at 10:30am, and C and D interacted at noon. When B and C interacted at 10:30am, B learned whatever was new with C at that moment, and C learned whatever was new with B at that moment. This is noted in the knowledge matrix with information dated 10:30am in cells (row B, column C) and (row C, column B). In addition, however, C had the opportunity to learn the old information B was carrying about A. As a result, C's knowledge now includes information from A as of 9am, in cell (row C, column A).
Similarly, when C and D interact, they each can learn whatever was new with each other at noon, and D can learn the information that C was carrying about both B and A. Figure 7 reflects the state of affairs at noon.
At this point, C and D know something about everyone, although some of their information is a bit old. 
Example
• Each interaction provides the opportunity to convey information learned in prior interactions
• But information carried from prior interactions is old. 
